
REGULAR ARTICLE

Economic analysis of use of counterfeit drugs: health impairment
risk of counterfeit phosphodiesterase type 5 inhibitor
taken as an example

Minoru Sugita • Michiko Miyakawa

Received: 28 October 2009 / Accepted: 5 January 2010 / Published online: 9 February 2010

� The Japanese Society for Hygiene 2010

Abstract

Objectives The size of the market for counterfeit drugs

throughout the world is considerable. Many cases of health

impairment due to counterfeits have been reported. The

market share of counterfeits in drug markets in developed

countries is smaller than that in developing countries.

However, the size of the market for counterfeits of phos-

phodiesterase type 5 inhibitors (PDE5Is) used as anti-

erectile-dysfunction drugs is not small. The purpose of the

present study was to analyze the health impairment risk of

taking the counterfeit PDE5Is and the convenience of

obtaining the counterfeits in Japan, using an economic

methodology in order to work out countermeasures for

reducing the health impairment risk.

Methods Information was obtained by interviewing

employees of pharmaceutical and chemical corporations in

Japan.

Results and discussion The size of the market for coun-

terfeit PDE5Is in Japan was recently estimated to be about

2.5 times larger than that of genuine PDE5Is. The price of

the counterfeits in their market is reported to be nearly

equal to that of the genuine PDE5Is. An outbreak of severe

hypoglycemia among users of counterfeit PDE5Is con-

taining an antidiabetic drug in Singapore was reported in

2008, and seven patients remained comatose as a result of

prolonged neuroglycopenia. Four of them subsequently

died, so the health impairment risk due to counterfeit

PDE5Is should not be ignored. In order to obtain a genuine

PDE5I in Japan, a patient must be examined and have a

prescription written at a medical institution, and buy it at a

dispensing pharmacy. Focusing on the health impairment

risk due to counterfeit PDE5Is and the convenience of

obtaining the counterfeits in Japan, we analyzed the effects

on the prices and quantities of PDE5Is in the market from

demand and supply curves, using an economic methodol-

ogy. From the analysis, it was shown that the health

impairment risk due to the counterfeits is underestimated in

the market in Japan. Physicians should warn their patients

not to buy counterfeit PDE5Is, and when they write a

prescription for purchasing genuine PDE5Is, should inform

their patients of the severe health problems that occurred in

Singapore.

Conclusions The present economic analysis indicates that

the health impairment risk due to counterfeit PDE5Is is

underestimated in the market in Japan. Clarification of the

underestimation of the severe health impairment risk due to

counterfeits is important.

Keywords Counterfeit � PDE5 inhibitor � Health

impairment risk � Convenience of acquisition �
Economic analysis

Introduction

The history of counterfeits is as old as the history of com-

modities. Scarce commodities of high quality are supplied

in the market and consumers evaluate the commodities

highly. If consumers become dissatisfied with the high price

and/or difficulty in obtaining the commodities, suppliers of
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counterfeits appear. Counterfeit goods look like the genuine

article but the quality is not the same. When the price of a

product rises due to monopoly and/or taxation, the supply of

counterfeits often grows. Counterfeits of branded goods and

drugs in developing countries and counterfeit cigarettes

in European countries are some examples. The counterfeits

of Tamiflu� (oseltamivir; Roche) and the anti-erectile-

dysfunction drugs phosphodiesterase type 5 inhibitors

(PDE5Is) are examples that show the difficulty and incon-

venience of obtaining the genuine drugs. Counterfeits of

these pharmaceuticals are distributed widely.

The World Health Organization (WHO) defines a

counterfeit medicine as one which is deliberately and

fraudulently mislabeled with respect to identity and/or

source [1]. Counterfeiting can apply to both branded and

generic products, and counterfeit products may include

products with the correct ingredients or with the wrong

ingredients, without active ingredients, with insufficient

active ingredients, or with fake packaging. What makes a

drug/medicine counterfeit is the deliberate or intentional

(criminal) nature of the mislabeling of the product. WHO

established the International Medical Products Anti-

Counterfeiting Taskforce (IMPACT) as a countermeasure

against counterfeit drugs [2].

WHO presents the situation of counterfeit distribution in

the world as follows [3]. Counterfeiting is greatest in those

regions where regulatory and enforcement systems for

medicines are weakest. Thus, in most industrialized coun-

tries with effective regulatory systems and market control,

the incidence of counterfeit medicines is extremely low—

perhaps less than 1% of market value according to the

estimates of the countries concerned. But in many African

countries, and in parts of Asia and Latin America, a much

higher percentage of the medicines on sale may be coun-

terfeit. In many countries of the former Soviet Union,

counterfeit medicines are estimated to exceed 20% of

market value. Medicines purchased over the Internet from

illegal sites that conceal their physical address have been

found to be counterfeit in more than 50% of cases. The

testimony given by Peter J. Pitts, the Director of the Centre

for Medicines in the Public Interest (CMPI) noted that

counterfeit business will generate 75,000 million dollars in

revenues for owners in 2010, a 92% increase from 2005

[4]. A strong trend is observed towards increasingly pro-

fessional PDE5I counterfeits [5]. The International Intel-

lectual Property Institute (IIPI) described counterfeit goods

as not only an intellectual property and trade problem, but

also as an unrecognized global public health problem with

particular consequences in the area of injury, mortality, and

morbidity [6]. An outbreak of severe hypoglycemia among

users of counterfeit PDE5Is containing an antidiabetic drug

in Singapore was reported in 2008; 150 patients were

admitted to hospitals and seven patients remained

comatose as a result of prolonged neuroglycopenia, and

four subsequently died [7].

No cases of health impairment due to taking counterfeit

PDE5Is have been reported in Japan. Some reasons for this

are that counterfeit medicines are not taken under the

supervision of physicians and/or pharmacists, no system

for collecting information on adverse counterfeit drug

reactions has been put in place by pharmaceutical corpo-

rations, and consumers of counterfeits are reluctant to

report adverse drug reactions due to counterfeits [8]. In

Japan, however, counterfeits should not be ignored as

social and economic problems. Countermeasures against

health impairment risks and the infringement of intellectual

property rights by the counterfeit PDE5Is have been

worked out by pharmaceutical corporations [9–14]. Risk

analysis of health impairments due to counterfeit PDE5Is

in Japan has been investigated [8].

However, economic analysis for market of counterfeit

goods including pharmaceuticals has not been studied at

all. The purpose of the present study was to conduct an

analysis of the health impairment risk due to counterfeit

PDE5Is and the convenience of obtaining the counterfeits

in Japan, using an economic methodology, making it pos-

sible to work out countermeasures for reducing the health

impairment risk.

Illegal goods are divided into counterfeit and imitation

goods. Counterfeit goods look like the genuine goods,

having the same shape, color, and embossing. Imitations

are defined as illegal products that do not look like the

genuine goods, but by their name or claim strongly suggest

that the quality of the imitations is almost equal to that of

the genuine goods, in spite of having risks of health

impairment and low quality. It has been reported that the

difference between the health impairment risks due to

counterfeit and imitation PDE5Is was not large [5].

Recently, information was obtained that cheap illegal

imitation PDE5Is made in India are being distributed in

Japan [15]. The illegal imitation PDE5Is are generic drugs

from India. Drug patents are not stipulated strictly in the

law in India. Therefore, drugs patented in developed

countries can be produced as generic drugs in India without

the payment of a patent fee. When such generic drugs are

imported from India to developed countries, the generic

drugs are illegal in the developed countries. Health

impairments caused by taking the generic PDE5Is have not

been reported in India. In the present study, the illegal

imitation PDE5Is are not included, because a probable

estimate of the imitation PDE5Is cannot be determined.

In the present study, a genuine PDE5I means a PDE5I

that is not generic or sold over-the-counter (OTC). An OTC

PDE5I means a PDE5I which can be obtained without a

prescription at pharmacies, while a genuine PDE5I can be

obtained only with a prescription.
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Materials and methods

Information was obtained by interviewing chemical engi-

neers and pharmaceutical chemists at five pharmaceutical

corporations and one chemical corporation and a profes-

sional employee in a section for countermeasures against

counterfeits in a pharmaceutical corporation in Japan. The

interview was conducted in the year from 2006 to 2009.

The publication of the names of the employees interviewed

and their corporations is not consented to. They showed us

articles in print and Internet URLs for information on the

genuine and counterfeit PDE5Is and the prices and quan-

tities of the PDE5Is distributed as rough estimates.

Results and discussion

Information on the prices and quantities of genuine, OTC,

generic, counterfeit, and imitation PDE5Is was obtained in

the form of rough estimates from an interview with a

professional employee of a section for countermeasures

against counterfeits in a pharmaceutical corporation. The

data are shown in Table 1. The reason for the use of the

rough estimates is that precise values cannot be obtained

objectively. The mean acquisition price is indicated as the

value when a consumer purchases ten PDE5I tablets. If

many PDE5I tablets are purchased with a prescription, the

mean value varies considerably, while the value without a

prescription does not vary. However, consumers seldom

purchase many PDE5I tablets for individual use. Therefore,

the variation in the number of tablets obtained is not sig-

nificant. In Table 1, the values shown for OTC and generic

PDE5Is are assumed values. The mean price of the coun-

terfeit PDE5I is nearly equal to that of the genuine PDE5I,

while the value of the imitation is cheaper than that of the

genuine PDE5I. The market size of the counterfeit PDE5Is

in Japan was recently estimated to be about 25,000 million

yen, 2.5 times larger than that of the genuine PDE5Is [16,

17]. The number of counterfeit PDE5Is confiscated by

Japanese customs has slightly increased recently [18]

because the printed fake trade name of the genuine PDE5I

on the surface of the box of the counterfeits is conspicuous.

Therefore, the quantity of counterfeits distributed was

estimated to have slightly decreased recently in Japan. A

counterfeit medicine is deliberately and fraudulently mis-

labeled with respect to identity and/or source [1]. If the

price of a counterfeit medicine is much cheaper than that of

the genuine medicine, consumers of the counterfeit may

suspect that the medicine is a counterfeit. Therefore, sup-

pliers of counterfeits set the price to be nearly equal to that

of the genuine product. The prices of OTC and OTC

generic PDE5Is will be cheaper than that of the genuine

PDE5Is in the future, and the quantities distributed will

increase. The OTC genuine PDE5Is will be sold in the

future by major corporations that sell the genuine PDE5Is

at present, while the generics will be sold by medium and

small-sized corporations. The brand image of the genuine

PDE5Is supplied by major corporations will be considered

more valuable than that of the generics supplied by med-

ium and small-sized corporations. Therefore, the quantity

of generics distributed, especially those supplied by med-

ium and small-sized corporations, will increase only

slightly in the future, despite cheaper prices. Quantities of

the generics distributed and their prices will take a long

time to rise and fall.

The values shown in Table 1 were obtained by rough

estimations because precise values cannot be obtained

objectively. In the present study, demand and supply

curves derived from the values in Table 1 were drawn for

an economic analysis.

In Japan, three brands of genuine PDE5Is are sold at

monopoly prices under the patents. In the present study, the

hypothetical situation that generic PDE5Is will be sold in

the future after the patents expire is discussed using an

economic methodology. In the present study, p, q, D, and S

indicate price, quantity, and demand and supply curves.

Table 1 Prices and relative consumption of genuine, OTC genuine, generic, OTC generic, counterfeit, and imitation PDE5Is

Prescription Price Relative consumption

and its increase

or decreaseMedical and

prescription fees

Purchase price

for ten tablets

Mean acquisition

price for one tablet

Genuine ? ¥3,000 ¥12,000/10T ¥1,500/T 1

OTC genuine - ¥0 ¥12,000/10T ¥1,200/T 3( )

Generic ? ¥3,000 ¥12,000/10T 9 0.7 ¥1,140/T( ) 1( )

OTC generic - ¥0 ¥12,000/10T 9 0.7 ¥840/T( ) 4( )

Counterfeit - ¥0 ¥15,000/10T ¥1,500/T 2.5

Imitation - ¥0 ¥15,000/10T 9 0.8 ¥1,200/T 1

Arrows current increase or decrease, (arrows): increase or decrease in the future

PDE5Is phosphodiesterase type 5 inhibitors, OTC over-the-counter
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Figure 1 shows the influence on price and quantity of

demand and supply due to the generic PDE5Is, using the

demand and supply curves. The subscripts in Fig. 1, ‘‘0’’

and ‘‘g’’, indicate genuine and generic PDE5Is. This kind

of figure is used in many textbooks of economics [19–21].

Figure 1 shows that generics result in a fall in price and a

rise in quantity of demand and supply. The Figures in the

present study indicate steady states a long time after gen-

eric and OTC PDE5Is go on sale, because steady states are

assumed in classical methods of economic analysis. The

lateral stripes in Fig. 1 show an increase in consumer

surplus by generics. The consumer surplus is the difference

between the total amount that consumers are willing and

able to pay for a good or service, indicated by the demand

curve, and the total amount that they actually do pay.

Patents last for some time, and generic PDE5Is will not be

sold in the near future. Therefore, Fig. 1 shows a hypo-

thetical scenario.

In Japan, in order to obtain a genuine PDE5I, a patient

must be examined by a physician and have a prescription

written at a medical institution, and purchase the genuine

PDE5I at a dispensing pharmacy upon submitting the

prescription. In the present study, the hypothetical situation

that an individual can purchase OTC PDE5Is without a

prescription is investigated using an economic methodol-

ogy. Figure 2 shows the influence on price and quantity of

demand and supply by the OTC PDE5Is using demand and

supply curves. The subscripts in Fig. 2, ‘‘0’’, ‘‘n’’, and ‘‘N’’
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Fig. 1 Prices and quantities

expressed by demand and

supply curves of genuine and

generic phosphodiesterase

type 5 inhibitors (PDE5Is)

D: demand curve, S: supply curve, 0: genuine PDE5I, n: OTC PDE5I (future), 
N: OTC PDE5I whose price of acquisition is the same as that of genuine PDE5I (supposition)
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over-the-counter (OTC) PDE5Is
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indicate genuine PDE5Is, OTC PDE5Is, and hypothetical

OTC PDE5Is whose price is nearly equal to that of the

genuine PDE5I. The price of the OTC drug does not

include medical and prescription fees. Therefore, the price

of the OTC drug is cheaper than that of the genuine drug.

Figure 2 shows that the OTC PDE5Is raise the quantity of

the demand and supply due to the lower price as well as the

convenience of obtaining the OTC PDE5Is. When the

movement of the supply curve S in Fig. 2 is broken down

into movements due to a fall in price and those due to the

convenience of obtaining the OTC PDE5Is, the movement

due to the convenience of obtaining the OTC PDE5Is goes

from S0 to SN and the movement due to the fall in price

goes from SN to Sn. The vertical and lateral stripes in Fig. 2

show increases in consumer surpluses by convenience of

obtaining the OTC PDE5Is and by fall in price. In Fig. 2,

the increase in consumer surplus by convenience of

obtaining the OTC PDE5Is is much larger than that by the

fall in price. OTC PDE5Is will not go on the market in

Japan in the near future because the Ministry of Health,

Labour and Welfare considers the health impairment risk

due to the coadministration of a PDE5I and drugs involving

nitric oxide donors, organic nitrites, or nitrates to be too

great. Therefore, Fig. 2 is a hypothetical scenario.

From an Internet survey, a pharmaceutical corporation

obtained information indicating that a major reason that

consumers purchase counterfeit PDE5Is instead of genuine

PDE5Is is the convenience of obtaining PDE5Is without

having to be examined at a medical institution. This

information has not been published.

Figure 3 indicates the influence on price and quantity of

demand and supply by counterfeit PDE5Is using demand

and supply curves. The subscripts in Fig. 3, ‘‘0’’, ‘‘c’’, and

‘‘N’’ indicate genuine PDE5Is, counterfeit PDE5Is, and

hypothetical OTC PDE5Is whose price is nearly equal to

that of the genuine PDE5I. If a counterfeit PDE5I whose

quality is nearly equal to that of the genuine PDE5I is

supplied, its supply curve should correspond fairly closely

to the curve of the hypothetical OTC PDE5I whose price is

nearly equal to that of the genuine PDE5I. Therefore, the

supply curves of the two can be regarded as being almost

the same. However, there are risks of health impairment

and low quality in counterfeit PDE5Is. Some counterfeit

PDE5Is with quality as high as that of genuine PDE5Is

were found [5]. However, before chemical analysis is

conducted for a distributed counterfeit, the magnitude of its

risk cannot be known. Therefore, there are no counterfeits

distributed without risk.

Most counterfeit PDE5Is are distributed by use of the

Internet. The prices of the counterfeit PDE5Is were

investigated using the Internet, and it was revealed that the

mean price of the counterfeit PDE5Is was nearly equal to

that of the genuine PDE5Is (Table 1). In Fig. 3, the

demand and supply curves Dc and Sc of the counterfeit

PDE5I are shown to move in parallel from the demand and

supply curves D0 and S0 of the genuine PDE5I and/or from

the demand and supply curves DN and SN of the hypo-

thetical OTC PDE5I whose price is nearly equal to that of

the genuine PDE5I. The intersection point of the demand

and supply curves Dc and Sc of the counterfeit PDE5I is Ec,

D: demand curve, S: supply curve, 0: genuine PDE5I, c: counterfeit PDE5I, 
N: OTC PDE5I whose price of acquisition is the same as that of genuine PDE5I 
(supposition)
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(qc, pc) in Fig. 3. The movement direction of the demand

and supply curves from D0 and S0 of the genuine PDE5I to

Dc and Sc of the counterfeit PDE5I for price and quantity

determination is shown as a large movement to the right

from D0 and S0 to DN and SN due to the convenience of

obtaining the counterfeits and a slight movement to the left

from DN and SN to Dc and Sc due to the risks of health

impairment and low quality of the counterfeit PDE5I in the

plane of price and quantity in Fig. 3. In any case, the

quantity of the demand or the supply of the counterfeit

PDE5Is is much greater than that of the genuine PDE5Is

and is slightly less than that of the hypothetical OTC

PDE5Is whose price is nearly equal to that of genuine

PDE5Is. The size of the market for the counterfeit PDE5Is

in Japan was recently estimated to be about 25,000 million

yen, 2.5 times larger than that of the genuine PDE5Is [16,

17]. Figure 3 shows that the quantity qc of the supply and/

or the demand of the counterfeit PDE5Is is much greater

than that q0 of the genuine PDE5Is.

If the importance of the health impairment risk due to

use of the counterfeit PDE5Is is evaluated appropriately in

the market for the counterfeits, the price of the counterfeits

should be much cheaper than that of the genuine PDE5Is

and the quantity of counterfeits distributed should be less

than the current quantity of the counterfeits. The major

reason that consumers purchase counterfeits is probably the

convenience of obtaining them without having to be

examined at medical institutions. In the case where the

quality and quantity of casualties and damage may be great

when the risk is known, but the probability of the risk

becoming known is low, a person usually prefers to take

the risk when he/she thinks that the advantage of taking the

risk is greater than the risk itself [22]. This is human nature.

Suppliers of counterfeits know about the low quality of the

counterfeits, while consumers of the counterfeits can

seldom know the true risk. This is surely asymmetric

information [23, 24].

A net increase in the consumer surplus by convenience

of obtaining the counterfeits is the sum of an apparent

increase in the consumer surplus by convenience (vertical

stripes in Fig. 3) and the decrease in the consumer surplus

by the risk due to the counterfeits (diagonal stripes in

Fig. 3). Figure 3 shows that the magnitude of the decrease

in the consumer surplus by the risk due to counterfeits

(diagonal stripes) is much smaller than those of the

apparent (vertical stripes) and net increases in consumer

surplus by the convenience of the counterfeits. The

increase in the consumer surplus by convenience is

enlarged inappropriately because the consumers of coun-

terfeits choose inappropriately to obtain the counterfeits

conveniently. If the consumers of counterfeits could fully

understand the importance of the health impairment risk

due to the counterfeits, the vertical stripes portion in Fig. 3

would decrease, and the diagonal stripes portion in Fig. 3

would increase. The consumer surplus by the counterfeits

is an indicator that both the price and the quantity are

considered together, using the demand and supply curves

for convenience of obtaining counterfeits and their risk.

From the viewpoint of the consumer surplus, an overesti-

mate of the convenience of obtaining the counterfeits and

an underestimate of their risk in the market for the coun-

terfeits were clearly found in the present study. In any case,

as a social problem, the health impairment risk due to the

use of counterfeit PDE5Is should not be ignored.

Great increases in the consumer surplus by convenience

of obtaining the counterfeit PDE5Is (Fig. 3) and OTC

PDE5Is (Fig. 2) are shown in an economic analysis of the

price and quantity of the demand and supply in the market,

while a decrease in consumer surplus by health impairment

risk due to the counterfeits (Fig. 3) and an increase in the

consumer surplus by the price fall of the generic PDE5Is

are not great (Fig. 1). This shows the use of an economic

methodology for detecting the importance of the conve-

nience of obtaining counterfeit PDE5Is in the market to be

significant.

In marketing, product differentiation is the process of

distinguishing a product from competitors’ products to

make it more attractive to a target differentiation market.

Differentiation is a source of competitive advantage. A

differentiation market of genuine and counterfeit PDE5Is

should be discussed. Counterfeit PDE5Is are supplied

conveniently without a prescription for consumers by

suppliers of counterfeits, while genuine PDE5Is can be

obtained only by prescription. There are nonnegligible

risks of health impairment and low quality in counterfeit

PDE5Is, while the quality of genuine PDE5Is is high. A

theoretical difference curve of PDE5Is on a plane of high
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quality (h) and convenience of acquisition (c) in a differ-

entiation market of genuine and counterfeit PDE5Is,

derived assuming that production costs without research

and development costs are constant [25], and indifference

curves of consumers, are shown in Fig. 4. The quality of

counterfeit PDE5Is is distributed very widely [5]. There-

fore, the bold line in Fig. 4 shows the quality and conve-

nience of acquisition of counterfeits. The dotted part of the

theoretical difference curve in Fig. 4 may not exist,

because convenience means with or without a prescription.

The indifference curve is the expression in a graph of the

utility function for a consumer [19–21, 25], where the

horizontal axis measures high quality and low risk of health

impairment and the vertical axis measures convenience of

acquisition of PDE5Is. A consumer can refer equally to

each point on the indifference curve as rendering the same

level of utility (satisfaction) for him/herself. In Fig. 4,

consumer A prefers the quality of PDE5Is to convenience

of acquisition and obtains a genuine PDE5I, while con-

sumer B prefers convenience to quality and purchases a

counterfeit PDE5I. The size of the market for counterfeit

PDE5Is is much greater than that of genuine PDE5Is. This

means that there are many PDE5Is consumers who regard

convenience of acquisition as important.

As an effective countermeasure against the health

impairment risk due to counterfeits, physicians should

inform their patients about the health impairment risk and

warn them not to purchase counterfeit PDE5Is. The patient

should be informed that taking counterfeit PDE5Is means

taking the risk of health impairment e.g., severe hypogly-

cemia, which occurred among users of counterfeit PDE5Is in

Singapore; 150 patients were admitted to hospitals and seven

patients remained comatose as a result of prolonged neuro-

glycopenia, and four subsequently died [7]. From an Internet

survey, a pharmaceutical corporation obtained information

that many consumers of counterfeit PDE5Is would change to

genuine PDE5Is if they were informed of the health

impairment risk by physicians. This information has not been

published. It is important to be aware of the danger of

underestimating the severe health impairment risk due to

counterfeits.

A pharmaceutical corporation obtained information

from an Internet survey that a major reason that consumers

of counterfeit PDE5Is purchase the counterfeits instead of

the genuine PDE5I is the convenience of obtaining PDE5Is

without having to undergo examination at a medical

institution. It is shown in Fig. 2 that the increase in the

consumer surplus due to the convenience of obtaining the

OTC PDE5Is is much larger than that due to low price. A

pharmaceutical corporation has obtained information that

selling PDE5Is as OTC drugs is being discussed in the

European Union (EU). In order to exclude counterfeit

PDE5Is from the market, it may be effective to offer

PDE5Is as OTC drugs, taking into consideration the con-

venience of obtaining them.

Homo economicus, a term used as an approximation or

model of Homo sapiens who acts to obtain the highest pos-

sible wellbeing for oneself given the available information

about opportunities and other constraints, both natural and

institutional, on one’s ability to achieve predetermined

goals, was assumed in classical economics. In behavioral

economics, however, it has been pointed out that the above is

seldom true. In behavioral economic studies of addictions

such as smoking, it has been mentioned that the rate of time

preference of smokers is higher than that of nonsmokers and

the measure of risk aversion is lower [26]. The risk aversion

measure of consumers of counterfeit PDE5Is is probably

low. As an effective countermeasure against the health

impairment risk due to counterfeits, physicians should

inform patients about the possibility of their having a low

aversion measure of the health impairment risk and

encourage them to purchase genuine PDE5Is by prescription.

Good research is conducted on past events, but this is not

the case for research on future events. It is impossible to

verify future events in studies. No cases of health impair-

ment due to taking PDE5I counterfeits have been reported

in Japan. Some reasons for this may be that counterfeit

medicines are not taken under the supervision of physicians

and/or pharmacists, no system for collecting information on

adverse counterfeit drug reactions has been developed by

pharmaceutical corporations, and consumers of counterfeits

are reluctant to report adverse counterfeit drug reactions, for

various reasons [8]. The reported probability of health

impairment cases due to taking counterfeit PDE5Is is

underestimated in Japan. In the present study, research on

health impairment cases due to taking counterfeit PDE5Is

was conducted based on uncertain information, using study

methods that cannot be analyzed precisely. However, when

we take social problems into consideration, the significance

of the study is not small.

For the area of the present study, it was very difficult to

obtain precise, quantified, and objective information.

Therefore, the scales of the ordinates and the abscissas in

Figs. 1, 2, 3, and 4 are not known, so the linearity or curva-

ture of the demand and supply curves drawn as lines in

Figs. 1, 2, and 3 is not known. It is possible, however, to

make a rough comparison of the magnitudes of the consumer

surpluses in Figs. 1, 2, and 3, e.g., the findings that the

magnitude of the increase in consumer surplus by conve-

nience of obtaining the counterfeits is much greater that of

the decrease in consumer surplus by the health impairment

risk due to the counterfeits are roughly known. If more

information in the area of the present study can be obtained,

knowledge will increase. If notable and nonnegligible health

impairment risks are found, appropriate research for the risks

can be conducted and appropriate countermeasures against
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the risks can be worked out, even if it is very difficult to

obtain precise, quantified, and objective information in the

area. We should not consider that research in which the

obtaining of precise, quantified, and objective information is

difficult is unscientific and that such research is not worth

conducting. As a social problem, the health impairment risk

due to the use of counterfeit PDE5Is should not be ignored.

Risks due to counterfeit PDE5Is involve not only the health

impairment risk investigated in the present study but also

risks to public order and security.

Conclusions

The price of PDE5I counterfeits in the market is reported to

be nearly equal to that of the genuine PDE5Is. The coun-

terfeit PDE5Is in Japan has recently been estimated to be

about 2.5 times larger than that of the genuine PDE5Is.

Focusing on the health impairment risk due to counterfeit

PDE5Is and the convenience of obtaining the counterfeits in

Japan, we analyzed the effects on the price and quantity

from demand and supply curves, using an economic

methodology. The analysis showed that the health impair-

ment risk due to the counterfeits is underestimated and

convenience of obtaining them is overestimated by con-

sumers in the market. As an effective countermeasure

against the health impairment risk, physicians should warn

their patients not to buy the counterfeits and should inform

them of the severe health impairments that occurred in

Singapore. It is important to be aware of the underestima-

tion of the severe health impairment risk due to counterfeits.
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